labor, labor conditions, animal welfare) parameters (Willems et al. 2005 , World Bank 2005 . At the same time, increasing globalization of trade introduces greater risks of cross-border transfer of food-borne illnesses. Recent cases of disease episodes in the United States resulting from imported food produce, such as cyclospora from raspberries, hepatitis A from strawberries and salmonella from cantaloupe (Calvin 2003) , illustrate to developing countries the potential food safety challenges that can arise in a more globalized market. Food safety concerns are getting widespread attention in India. The country's rural development strategy, for which a key element is the promotion of increased agricultural exports as a means to foster rural growth and poverty reduction, is coming up against tightening food safety and SPS standards in prospective markets (World Bank 2006a , 2006b . From a domestic perspective, the large national market of 1.2 billion people is undergoing rapid change.
Increasing incomes, a growing middle class, increased urbanization and literacy, and a population highly tuned to international trends fueled by the information technology boom are creating a large consumer base giving increasing value to food quality and safety. Improving food safety systems, to meet domestic and export requirements, however, face a number of policy, regulatory, infrastructural and institutional obstacles.
This paper aims to: (i) review the main drivers for the increased priority to addressing food safety risks in India in both the export and domestic markets, (ii) examine the nature and effectiveness of government and private responses to the food safety challenges, with special focus on high value agriculture; (iii) identify the constraints to more effective responses; and (iv) examine the implications for policy.
B. Types of Food Safety Risks
Food safety risks, as they relate to human health, arise from of a number of factors. These include: (i) microbial pathogens (bacteria, viruses, parasites, fungi and their toxins); (ii) pesticide residues, food additives, livestock drugs and growth hormones; (iii) environmental toxins such as heavy metals (e.g. lead and mercury); (iv) persistent organic pollutants (e.g. dioxins); and (v) zoonotic diseases (e.g. BSE, SARS, Avian flu, Japanese encephalitis, tuberculosis) (Buzby and 1 The large economic impact resulted primarily from uncoordinated efforts of individuals to avoid becoming infected, contributing to a contraction in services sectors (tourism, mass transportation, retail, hotel and restaurant sales) and workplace absentiism (Brahmbatt 2005) . Unnevehr 2003 , Ewen et al. 2004 . 2 The health risks associated with these agents impact the whole food supply chain, starting from input supply to the farm to the consumer table (Figure 1 ). These structural changes are reshaping consumer demand. The Indian food consumption basket is diversifying away from cereals towards higher value and more perishable products, such as fruits and vegetables, dairy, meat and fish (Figure 2) . Increasing female participation in the work force and higher disposable incomes to spend on non-home cooked foods are driving growth in demand for prepared and semi-prepared foods, and thus the growth of the processed food industries (Pingali and Khwaja 2004) . These trends bring increased attention to safety concerns in the handling, processing and marketing of foods.
In addition, growing consumer preference for shopping convenience, increased exposure to the media (TV, cable and the internet) and ownership of durables such as refrigerators and cars are fostering the growth of modern retailing (i.e. supermarkets and hypermarkets), which in turn demand greater efficiency and food quality and safety standards in the supply chain Patel 2005, Chenggapa, et al 2005) .
Increased vigilance by NGOs, consumer groups, and local research institutes is also raising awareness and spurring action among consumers and policy makers to address food 3 There continues to be a debate on the headcount poverty rate in 1999/00, arising from the adjustment in the design of the 1999/00 National Sample Survey. Depending on the methodology used, the poverty estimates range from Indian Standard (BIS) required that "no pesticides should be detectable," the prescribed methodology could only detect pesticides at extremely high levels. Consequently, GOI issued a notification revising the standards for pesticide residues on bottled water, adopting the EU single residue limit of 0.0001 ppm and multiple residue limit of 0.0005 ppm (CSE 2004) . In the case of soft drinks, the BIS only had voluntary standards, not mandatory standards for pesticide residues.
To address the problem, BIS constituted a 39 member committee, consisting of representatives from the soft drinks industry, government scientists, NGOs and consumer groups to formulate the new BIS standards. The outcome was the Indian Ready to Serve Non-Alcoholic Beverages Specifications, which established the limits for 16 pesticides in the finished product (0.0001 mg/l for individual pesticides and total pesticide residue limit of 0.0005 mg/l) (CSE 2004 
D. Food Safety Concerns in Indian Exports
Increased globalization and liberalization of markets, facilitated by the World Trade Organization (WTO), are opening new export markets for Indian agricultural products, both fresh and processed. Indian agricultural exports grew at an average annual rate of 7. The Indian grape export crisis in May 2003 was a pivotal wake-up call to Indian exporters concerning the costs of failing to meet food safety standards. In the midst of a commercial dispute with an Indian grape exporter, a Dutch importer had samples of the Indian grapes tested by a private laboratory. On finding that the grapes contained residues of the insecticide methomyl in excess of the EU maximum residue limit (0.05 microgram/kg.), the importer placed an advertisement in the local paper warning that grapes from this Indian supplier contained "poison" (World Bank, 2006b ). Dutch authorities, who were alerted about the finding, tested samples from the 28 containers of Indian grapes then in Rotterdam port and found that about 75% of the samples exceed the MRLs for methomyl and/or acephate. 7 The problem was reported on the EU Rapid Alert system, causing not only significant short term economic losses, but also considerable longer term reputation damage. The price of Indian grapes dropped sharply, and the Indian grape shippers incurred losses, either in Dutch sales or by diverting the shipments to other markets.
Spice Exports. India is the world's largest consumer and producer of spices and is also a significant exporter of spices (Jaffee, 2005) . In 2004/05, India's spice exports totaled US$399 million. India, however, has encountered a number of food safety problems in its spice exports including high pesticide residues, aflatoxin contamination and the use of prohibited food colorants. In the mid-nineties, Indian dry chili exports faced several rejections including rejections in Spain due to pesticide residue in excess of permissible MRLs, and in the United
States because residues of quinalphos, a pesticide not registered in the United States (Jaffee, 2005) . Between 1998 and 2000, Indian dry chili exports also faced rejection in Germany, Italy, Spain and the U.K. due to the presence of aflatoxin. 8 More recently, exports of chili and curry powder faced problems due to the use of the prohibited red dye Sudan 1 (Jaffee, 2005) . In Indian exports of fresh crustaceans and cephalopods and imposed border testing for salmonella and Vibrio spp. for frozen products (Henson, Saqib and Rajasena, 2005) . Because of continued detection of salmonella, all exports of fish and fishery products to the EU from India were banned in 1997. While India has for the most part been able to address the hygiene-related problems plaguing its export of fishery products in the late nineties, Indian exports are now under scrutiny because of problems related to antibiotic residues and bacterial inhibitors (antibiotics, preservatives and chlorine) (Henson, Saqib and Rajasena, 2005) . It is widely acknowledged that in the future, heavy metals and other contaminants could be an emerging issue particularly because of the increased attention to heavy metals in the EU. Surveillance of fisheries products for heavy metals has already begun in the U.K.
Although India has been able to broadly comply with food safety requirements for each of the export commodities mentioned above, it continues to face problems across a range of agro-food exports. Evidence of continuing trouble is clearly apparent from Import Refusal consumers is far more serious as there many more micro, small and medium enterprises that cater to domestic consumers and generally pay less attention to food safety issues. By contrast, exporters are likely to be more well-established and larger firms with better technology and relatively more cognizant about food safety concerns.
E. Challenges to Improving Food Safety in India
Improving food safety in India, whether for the domestic market or for export trade, is hampered by a number of structural, policy, institutional, technical and cultural barriers. These laws also authorize several agencies to lay down standards for food products: ( There are a large number of government agencies involved in agricultural marketing activities, more broadly or with respect to specific commodities, which complicates effective implementation of a coherent food safety strategy for the country ( Table 2) . As in the case of the soft drink contamination, the multiple laws and agencies added to the confusion. The BIS was charged with setting the standards for pesticides in soft drinks, while the MOHFW is charged with setting the pesticide standards for bottled water.
Smallholder Agriculture. The current structure of the farm sector in India constrains farmer capacity to meet domestic and international food safety standards. Farming in India is dominated by small farmers -the average farm size in 1990/00 was 1.8 ha (NABARD 2002 In order to address various food safety concerns in both the spices and fresh and processed fruit and vegetable sectors, some exporters initiated contract farming operations or "vendor screening" programs. One industry that has been especially successful in establishing contract farming arrangements and meeting stringent food safety and quality standards is the pickled gherkin industry. The industry, consisting of some 42 companies and nearly 50,000 smallholder outgrowers, is concentrated in Karnataka, Andhra Pradesh, and Tamil Nadu. The leading gherkin exporting companies each have several thousand farmers under contract. The companies provide intensive oversight and maintain extensive records of farmer practices, especially related to pesticide use. At least one company began the process of getting outgrowers certified under EurepGAP (World Bank 2006b). Contract farming has worked relatively well in the case of gherkins as almost the entire production from India is exported and there is no local market.
Hence contract enforcement has not been a major challenge as in the case of other commodities where the export intensity is much lower and the majority of production is consumed domestically.
Until recently, contract farming was illegal in India as per the provisions of the APM Act.
The only way entrepreneurs can legally enter into contract farming with farmers is to obtain a special waiver from the APM Act from the State Government. The new model APM Act provides the legal framework and guidelines for contract farming. The provisions in the model Act allow contract buyers to directly purchase commodities from farmers under individual contracts or from farmers' markets. It also allows the direct sale of farm produce at the farmers' fields without having them routed through regulated markets. Adoption of the model Act by state governments will therefore facilitate not only more efficient marketing, but also improved food safety and the adoption of improved agricultural practices. Overall, Maharashtra and UP had slightly better infrastructure than the other two states. About 83% of markets had covered shops, but only 18% had paved roads within the market and 51% had public toilets (Table 4) . Access to warehouses is limited, except in Maharashtra (85%). Less than 40% of markets had a drying area and no markets in Orissa or Uttar Pradesh had cold storage facilities (compared to 5% in Tamil Nadu and 20% in Maharashtra). Waste management and pest control in the markets are very weak. Officials working in the wholesale markets were asked how the spoiled produce and waste products were disposed off. Fifty-four percent responded that market employees or contracted firms handled garbage disposal and waste management; 29% reported that they were just left to rot in the market, while 13% reported that they were left for the animals to eat. Market officials were also asked about the pest control measures they undertake. Fifty-nine percent indicated that no particular control measure for rats and insects are implemented in their market, 32% indicated it was up to the individual shop owners to take care of their rat problems. Only 8% reported the market management or association or a subcontracted firm took care of rat problems. Reducing food safety risks will require significant public and private investments to upgrade the market infrastructure and services. For regulated markets, this will also require improving the operational and fiduciary management to ensure that more resources are re-invested back into the markets. Cultural Issues. Religious beliefs further constrain the kinds of food safety measures that could be adopted in India. The sacred value attached to cattle imposes limits on disease control measures to address food safety and public health (BSE, foot and mouth disease), such as culling to limit disease spread or to create disease free zones. products including aspects such as permissible food colorings, preservatives, pesticide residues, packaging and labeling. As illustrated by the bottled water and soft drink pesticide residue incidents, inadequate standards and weak enforcement remain a problem.
The grades specified under AGMARK and standards as laid out in the PFA are designed to facilitate trade as well as ensure food safety. The food safety standards under the PFA in general need to be aligned with international standards. However there are many commodities that are not grown or consumed outside of India. For these commodities it may not be possible to align domestic standards with international standards because there are no established international standards. In these instances it is important for research to be conducted in India to set appropriate standards for the domestic market.
Lack of pro-activity in addressing food-safety issues. Domestic food safety scares and the more notable food-safety problems faced by Indian agro-exports, reveal the overall absence of any pro-activity in addressing food safety concerns in India. Several factors contribute to this. In the case of exports, many if not most of the emerging SPS and international standards are widely viewed as not scientifically based and as representing unfair "barriers to trade" (World Bank, 2006b ). These measures are viewed as efforts to protect foreign farmers or processors from competition, or are being fueled by unreasonable consumer fears in high income countries and improved technologies for detecting hazards. Consequently, the approach of the government and private sector has been to try to negotiate away the problems with trading partners and, failing that, addressing the various measures in international standard-setting or dispute fora. As a consequence, insufficient attention is devoted to monitoring the requirements of official and private standards, interpreting their implications for Indian agriculture and using current and anticipated requirements as catalysts to upgrade existing operations and strengthen supply chain management (World Bank 2006b).
This absence of pro-activity has meant that India has either had to adopt a "defensive" strategy avoiding markets with more stringent food safety and agricultural health standards or launch into a fire-fighting mode when it faces potential disruption or loss of trade due to noncompliance with standards. 17 The absence of pro-activity is well illustrated through examples of problems faced with exports of fishery products in the late nineties and the more recent troubles with grape exports to Europe. In both cases, although there were signs of potential problems for a considerable period of time, the food safety problems were not given serious attention until India was faced with a crisis. 17 An example of a defensive strategy is the existing trend where many of India's mango pulp exporters are forced to sell to less remunerative markets because they are not HACCP compliant.
In the case of exports of fish and fishery products, necessary monitoring and enforcement measures for ensuring that exports complied with food safety concerns were not put in place until the loss of EU markets in 1997 (Henson, Saqib and Rajasena, 2005) . This was despite the fact that India had continually faced rejections because of failure to meet hygiene standards and other food safety requirements since the 80s, and in spite of regulatory reforms to provide safety assurance for fish and fishery products undertaken in 1995 (Henson, Saqib and Rajasena, 2005) .
Similarly, in the case of grape exports to the EU, pesticide residue problems had surfaced since the late nineties. During this period, some limited testing was done for pesticide residues in export-oriented grapes. Testing was made mandatory in 2000, but most of the available testing equipment was not up to date, could not test to the same level of detection as was common in Europe and was unable to detect certain heat-sensitive chemicals such as acephate and methomyl (World Bank, 2006b) . 18 Only after EU Rapid Alerts were issued in 2003 did the Government and industry step into action to address the problem. In general India has not viewed complying with food safety and agricultural health standards as a means to both improve its competitive position and to enhance the effectiveness of its negotiations on particular technical and commercial matters, which is in stark contrast to the approach of leading agro-food exporting countries (World Bank, 2006b) .
A consequence of the lack of pro-activity and the crisis management mode of operation has been the adoption of very rigorous and strict controls for commodities threatened with the loss or disruption of trade. This has led to extremely high costs of compliance in some cases (e.g. grapes) (World Bank, 2006b) or rather onerous requirements (e.g. requirements for processing facilities exporting fishery products) (Henson, Saqib and Rajasena, 2005 ). In the case 18 As reported in Buurma et al 2001. of grapes, the Government of India (GOI) Agricultural and Processed Food Products Export Development Authority (APEDA), formulated an integrated system of intensive grape supply chain oversight that included
• A requirement that all farms growing grapes for export to Europe have to register with the Department of Agriculture. About 6200 growers registered for the 03/04 season;
• Three field inspections (for registered exporters) during the crop cycle by a newly constituted cadre of horticultural field inspectors. Some 244 such officers were initially appointed and trained. There are now 291 such officers;
• The inspection and registration of all grape export packinghouses by APEDA.
• Mandatory pesticide residue testing from each registered field of export grapes. Testing would be done prior to harvest and only if the tests were passed would authorization be given for harvesting for export. Grapes from fields with failed results would need to be sold in other markets or re-tested.
• Every consignment would be checked by AGMARK to ensure conformity with EU quality specifications for grapes. AGMARK would issue certificates.
• Obtaining a phytosanitary certificate issued by Plant Protection, Quarantine and Storage for every consignment; and
• Later, in 2005, another procedure was added whereby National Research Center for Grapes would take a 5% sample of ex-packhouse grape consignments to re-test for pesticide residues.
The extensive system of checks and controls primarily focused on end-of-the-pipeline solutions. In addition to the protocols that potential exporters to the EU have to follow, the government also invested heavily in upgrading laboratory testing equipment, training field inspectors, subsidizing packhouse upgrades, and strengthening the National Research Centre for Grapes. Overall, it is estimated that the cost of this control system for pesticide residues (to government and the private sector) is about US$1.2 million, equivalent to 7.9% of the FOB value of India's grape trade to Europe in 2005 (Table 5) . If all other costs associated with the oversight of the grape supply chain are added to the costs of pesticide residue testing, SPS compliance costs are estimated to account for 13% of this FOB value. While it is arguable that there are many spillovers and important lessons that have been learned from the handling of the pesticide residue problem with grape exports, and that these measures have been "successful" in that they have not resulted in further alerts or rejections, the heavy handed approach with which the problems were addressed, and the costs involved, clearly suggest that it is not a strategy that should be replicated. Although India has not faced further rejections of exports to the EU, routine laboratory testing still reveals violative residues, indicative of the continuing need to focus on improving overall agricultural practices to assure food safety.
Lack of good agricultural, manufacturing and hygiene practices. In addition to constraints that arise due to small farm sizes, the lack of good agricultural, manufacturing and hygiene practices remain a major challenge for improving food safety both for the domestic and export market. It is only recently that efforts are being made to promote good practices. For example, Marine Products Export Development Authority (MPEDA) promoted codes of good practice, particularly with regards to addressing antibiotic use. To this extent the organization was involved in monitoring antibiotic usage levels, providing training and disseminating information (Henson, Saqib and Rajasena, 2005) . In the spices sector, the Spices Board (SB) undertook measures to address problems with regards to pesticide residues and aflatoxin. The SB, in conjunction with State Departments of Agriculture and various NGOs, supported measures to promote integrated pest management (IPM) and the production of organic spices (Jaffee, 2005) . They helped address the aflatoxin concern by promoting better drying practices.
The Ministry of Food Processing Industries and APEDA have both been promoting adoption of HACCP and ISO certification among processed food manufacturers through a range of training initiatives and private sector investment grant for upgrading processing plants to obtain HACCP/ISO certification.
However, the adoption of good practices remains limited. Much remains to be done in improving practices with regards to the manufacture and use of pesticides and improving postharvest techniques. Although there have been some limited spillovers from the export sector into the domestic market, in terms of improving production practices, for most commodities, including spices and fresh fruit and vegetables, farmers do not necessarily see any advantages or necessity for altering their production practices since the vast majority of production is consumed in the domestic market. Until domestic consumer awareness and willingness to pay for improved food safety becomes more widespread, it is unlikely that addressing food safety concerns will become standard practice nationally. Similarly, significant measures are needed to improve the safety of processed foods. In the food processing sector there are a growing number of firms with modern factories and good quality assurance systems, but this segment co-exists with large numbers of small and older firms that would need to make significant upgrades to implement HACCP and other quality assurance systems.
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In the short term, developments in the food retail sector in India are likely to bring about improvements in food safety. International experience shows that modernization of the food retail sector is an important driver for change not only in the structure of production and wholesale marketing of produce, but also in fostering adoption of improved grades and food safety standards (Berdegué et al 2003 , Reardon and Timmer 2005a , 2005b . Despite the ban on foreign direct investments in food retailing, the supermarket industry is growing rapidly, driven by investments from the Indian corporate sector.
20
Many of the modern retail outlets are beginning to undertake direct procurement from individual farmers or farmers' associations. In some cases farmers or associations supplying these outlets are required to follow a code of practice to meet quality and safety requirements of their buyers. The retail outlets are also involved in disseminating new agricultural techniques and information to their suppliers as well as providing training on quality control of produce handling, grading and packaging.
There are also efforts by the public sector to promote good agricultural practices among producer groups and to help establish linkages with the organized food retail sector. 21 The Government of India and State governments are working closely with the supermarket industry (with support from USAID) to develop an India Good Agricultural Practice standard for 19 For instance, in recent work on the mango pulp sector in India one company reported costs of $35,000 to put it in a position to implement a proper HACCP system (World Bank, 2006b (Singh 2004) . 21 The Marashtra Agricultural Agricultural Marketing Board in collaboration with USAID is trying to promote good agricultural practices among mango farmers in the state and link these farmers with various supermarkets and other retail outlets that are interested in procuring better quality and safer fruit.
agricultural produce (INDIA-GAP), which will in turn also provide the framework for government extension support to farmers.
Need for More Collective Action. International experience highlights the importance of collective action within the private sector to promote awareness of SPS matters, find solutions to emerging challenges, promote good agricultural and manufacturing practices, and otherwise provide a degree of self-regulation, which in turn reduces the need for government agencies to play enforcement roles. While there are some examples of successful collective action in both the spice and fishery export industries in India, it has been lacking in many other sectors, notably in horticulture (World Bank, 2006b ). For example, the Seafood Exporters Association of India (SEAI) has developed a model to provide a number of pre-processing units with common water, ice and effluent infrastructure. SEAI in collaboration with MPEDA has also been involved in developing a system to ensure traceability for shrimp from aquaculture in order to address quality problems (Henson, Saqib and Rajasenan, 2005) . In the Spices sector, the All India Spice Exporters Forum has been an important player in trying to influence standards for pesticides in spices grown under tropical conditions and in finding solutions to address food safety concerns in its export markets (Jaffee, 2005) .
Conclusion
The Indian experience illustrates the many challenges faced by developing countries in addressing food safety concerns in domestic and export markets. Despite a large number of food safety incidents in the past, it is only in the past five years or so that food safety issues have begun to receive greater attention. As elaborated in this paper, this has partly been due to greater consumer awareness arising from campaigns led by NGOs, increased coverage of food-safety incidents in the media, wider access to media and the internet, and the problems encountered with agro-food exports in high income markets. Despite this, considerable efforts are still needed to give the issue of food safety the attention it warrants.
Because of low consumer awareness, the private sector engaged in agriculture, food processing and the food retail industry in India, for the most part, has not taken the necessary steps to improve the quality and safety of food products. In most cases, the responsibility of ensuring food safety fell into the hands of government through enacting and enforcing legislation and setting standards. While government has taken actions in instances where there have been immediate public health scares or disease outbreaks, less attention has been given to food safety concerns whose impact is only apparent in the medium to long-term. One of the positive results of globalization and the emergence of modern food retailing in India is the increased attention to quality and safety issues. As incomes are increasing, consumers are also more willing and able to pay for better quality and safer food.
Addressing food safety issues in India will require the adoption of more appropriate legislation and their enforcement (Table 6 ). Parliamentary approval of the Food Safety and Standards Bill will be critical to removing the uncertainty arising from, and the associated additional cost of dealing with, overlapping and conflicting food safety regulations. Broadbased adoption of the model APM Act and the removal of the remaining agricultural commodities from the SSI reservation will foster both increased market efficiency and facilitate adoption by firms of appropriate food safety measures.
Joint efforts by the government and the private sector will be needed in a number of areas. These include better risk management, the promotion and adoption of good agricultural, manufacturing and hygiene practices, greater collective action and some targeted public investments. Responsibilities for these functions need to be shared between the private and public sectors. While there are many critical regulatory, research and management functions that are normally carried out by governments, the private sector also has an important role in the actual compliance with food safety requirements. Develop Training, Advisory, and Conformity Assessment Services:
• On a commercial basis provide support services to agriculture, industry, and government related to quality and food safety management. Invest in the needed human capital, physical infrastructure and management systems to competitively supply such services.
Collective Action and Self-Regulation:
• Work through industry, farmer, and other organizations to share the costs of awareness-raising and systems improvement, alert government to emerging issues, advocate for effective government services, and provide a measure of self-regulation through the adoption and oversight of industry 'codes of practice'
Source: Adapted from World Bank 2006a.
Quality grades should be voluntary for fruits, vegetables and for most other fresh produce, since they are set primarily to facilitate trade and are not a regulatory instrument. Yet, for matters of food safety, standards should be mandatory rather than voluntary. These standards would apply for pesticide residues, heavy metal and other forms of environmental contamination, and especially for microbiological contaminations for which there could be acute health risks. A coordinated program of food safety product surveillance can be used to highlight the nature and scope of pertinent problems and also be used as a basis for developing consumer and supply chain awareness and good practice promotion. Overall there is a large role for extension service providers to promote good practices in order to ensure that farmers follow recommended dosages for agro-chemicals and observe appropriate pre-harvest intervals. Soil and water testing should also be routinely conducted through the extension apparatus (World Bank, 2006a) .
There is also a need for regular inspection of health and sanitary conditions at certain types of food premises that may be associated with more severe consumer health risks, (abattoirs, for example). Inspection should not be random, but should be targeted based upon risk assessments that government may do on different types of food establishments to help pinpoint areas requiring particular attention, not only in the form of inspection, but also including awareness-raising, training, periodic licensing, etc.
The challenges for ensuring food safety in the domestic market and in its food exports remain large. India has made some progress in the last decade to strengthen food safety measures at home and in meeting food safety and SPS standards abroad. The challenge for the future will be to adopt a more strategic, rather than crisis management approach. This will be essential to ensuring the sustainability and cost effectiveness of these efforts.
